Objectives: To measure dental caries, erosive tooth wear (ETW), periodontal health, self-reported oral health problems and performance impacts in a representative sample of UK elite athletes from different sports using standardized conditions clearly defined clinical indices and a measure of impact on performance with evidence of validity in sport.
| INTRODUCTION AND BACKGROUND
To compete at the highest level, athletes need to be well prepared, fit and healthy and oral health is integral to general health and wellbeing. 1 Protection of athletes' health through prevention of injury and illness is an important consideration in high performance sport. 2 Highquality data on the prevalence and impact of health-related incidents are important to establish the burden of health problems and inform appropriate preventive and health promotion strategies. 3 In addition to clinical measures, the use of self-reported measures of health, wellbeing and performance can contribute to a greater understanding of issues pertaining to athlete development and welfare. [4] [5] [6] Previous research suggests that poor oral health and associated self-reported negative impacts are common [7] [8] [9] ; however, limitations with previous studies included convenience sampling, 8 the use of multiple examiners without reported calibration 8, 9 and an outcome measure of impact on performance without evidence of validity in sport.
We hypothesized that athletes with dental disease would also report an impact on general health, along with negative psychosocial impacts such as difficulties with eating, sleeping and socialization, and sport performance impacts including pain and difficulties with participation in training and competition. This study aimed to evaluate the extent, severity and impact of oral health problems in a representative sample of elite athletes from different sports using a single trained examiner, standardized examination conditions and an outcome measure of impact on performance with evidence of validity in sport.
| ME TH ODS
Medical directors of elite (Olympic and professional) sports groups (cycling, swimming, rowing, sailing, gymnastics, rugby, football, field hockey, athletics, rugby sevens) were offered the opportunity for their athletes to engage in the research by attending for a screening examination and provision of an oral health report. We aimed to recruit a minimum of 75% of each squad to the study. Athletes were directed to seek care from their usual dentist; however, we arranged for treatment to be provided for athletes who were unable to access dental care. Eligible athletes were a member of elite (Olympic or professional) training/development squad, aged 18 years or over, able to understand the consent process and able to understand and complete the question- AthleƟcs, track and field (21) GymnasƟcs ( Nine of ten athletes (90.1%; 95% CI 86.5-92.9) assessed their general health as very good or good, and seven of ten (69.2%; 95% CI 64.1-73.8) assessed their oral health at this level (Tables S7,S8 severity score out of 100 can be calculated for these problems, and 31% of athletesreported a nonzeroscore; the highest score reported was 94.
Each variable was dichotomized to effect/no effect (Tables S11,   S12 ). The presence of dental caries was associated with nonzero score for difficulty eating (P = .048). The presence of any PUFA lesion was also associated with nonzero scores for difficulty eating (P = .027), relaxing (P < .001) difficulty participating in normal training or competition (P = .002), experience of oral pain (P = .001) and "any sport performance impact" (P = .005). There were associations with oral health status and psychosocial impacts including pain (Table 1) . For general health status, there were associations between relaxing (including sleeping) and all sport performance impacts. Several self-reported oral health problems (Table 2) had an association with athlete-reported impacts on well-being or sport performance (Tables S13,S14): current pain or problem related to teeth (P < .001), sensitivity to hot or cold (P = .006), bleeding when cleaning teeth (P = .04) and history of swelling or infection around wisdom teeth (P = .001).
| DISCUSSION
This study provides strong evidence of the prevalence of oral health diseases and associated performance impacts in elite athletes; established caries was present in 49.1% of athletes and ETW present in 42.0%. Excellent periodontal health was rare; more than three quarters (77.0%) of athletes had gingival bleeding on probing/calculus present, and we measured a pocket probing depth of 4 mm or more in a further 21.0%. We judged the samples to be representative of each team (other than athletics) with each at least 75% participation in the study. The odds of having caries in mixed/team sport were 2.4 (95% CI 1.5-3.8) times greater than in endurance athletes (38.5%) and odds of erosion 2.0 (95% CI 1.3-3.1) times greater in team/mixed sport than endurance sport. Caries prevalence was not associated with age, gender, ethnicity or educational status; however, ETW was more prevalent in male athletes.
The most commonly reported impacts were oral pain (29.9%) and difficulties with eating (34.6%). Other impacts were difficulty relaxing (15.1%), smiling (17.2%) and participation in normal training and competition (9.0%). Furthermore, 5.8% felt their performance was affected and 3.8% reported a reduction in training volume.
This study has several strengths. This is the most methodologically robust study to evaluate oral health and associated selfreported performance impacts in elite athletes across different sports and is one of the largest studies of oral health in sport with 352 athletes recruited. We achieved a 75%-100% sample in each team/ sport with track and field the only exception at 26%. All examinations were conducted by a single experienced dentist using clearly These data are consistent with data from previous research [7] [8] [9] ( Figure S15 ). We did not recruit a control population to the study, but a cautious comparison with a similar age group from the most recent national oral health survey in England and Wales (ADHS 2009) can be made. 15 We reported established caries in 49% of athletes compared to tions who are known to have higher levels of oral disease. Therefore, the sporting environment may negatively influence oral health in elite athletes within this sample. Furthermore, the lifetime burden of treatment need and effect on quality of life on athletes should be considered. 20 Severe events such as acute dental or orofacial infections can lead to time lost from training and even competition; however, they occur infrequently. Chronic impacts which may not lead to time loss, but rather a reduction in quality of training, are commonly reported, and at elite level may have important consequences. 21 The prevention of oral disease is largely dependent upon people changing behaviour in line with professional guidance. 22 Therefore, interventions which are based upon behaviour change theory 23 and include all stakeholders to improve quality and relevance may have a better chance of success. 24, 25 Further research is needed to identify appropriate evidence-based strategies to embed oral health promotion within sport.
| CONCLUSION S
Oral diseases and associated negative performance impacts are common in UK elite and professional athletes. Regular screening and the use of effective oral health promotion strategies may minimize performance impacts from poor oral health. 
